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'4,.5,76, and 8, were presented with standard LOGO problems. (All
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..commands.) Students’' were then rated using a Likert scale. The results
- indicate that a general problem solving algorithm does not ‘
.-significantly change the problem solving ability of students as it

- relates to 'LOGO problems, which implies that a "stronger” algorithm
-.approach should be developed for teaching problem solving for

- different types of problems. However, the results also suggest ways -
' .that LOGO problem solving techniques might generalize to more

- 'specific algorithms because of LOGO's highly visual nature, recursive
- features, and provision of immediate feedback. For the reinforcement
of these aspects, LOGO appears to be a highly useful teaching tool.
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INTRODUCTION

-The purposé of this report is to.summarize the findings of the field testing
efforts to‘determine the extent to which the programming language LOGO can be
'ﬁsed as a- reinforcer f‘of general problem solving ability. As described in the
Prdéress Re-poft on Teéhnology Activities submitted in December, 1984 the.rc is a
long standing debate among problem solving theorists as to the utility of general

verses specific problem solving methods (Polson and Jeffries, 1985).:

General problem solving techniques have their roots in the "weak" method
appfoach to information processing and from divergent-production theories of
éognitidﬁ (Po'lson'and Jeffries, p. 448 and p. 426). Specific problem solving
methods originél from the "strong" méthod approach within information processing.
Weak verses strong methods dif fer primarily in terms of generalizability and

specifically.

Weak methods like those developed by Polya (1985) are algorithms with very
general components. For example, Polya’s algorithm had four basic steps: 1)
understand the problem, 2) devise a plan, 3) carry out the plan and 4) look bacic.
The assumption underlying weak methods is that they are generalizable. That is,
Poly‘z‘l assumes that his four steps could be applied to different types of problems
in mathematics, different types of problems in science, 2tc. The emphasis‘in weak
methods, then, is the transferability oflthe algorithms; within weak methods there

is very little specific content knowledge taught.

Strong methods, on the other hand, emphasize specificity the assumption

here ié that for each problem there is highly specific declarative and procedural
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o kvr‘xowledgc,‘nccqssar’y’ to solve the pfoblcm . To illustrate, consider the following
'élgbrifhm__de?elopcd for a computer simulations program called ACT, Adaptive

" Control of Thought (Anderson, 1983):

Pl IF the gdal is to do an addition problem
THEN the subgoal is to itcrat‘e through thc columns of the problem.

P2 . IF the goal is to iterate through the columns of an addition
problem -
. and the nghtmost column has not been processed
THEN the subgoal is to iterate through the rows of that rightmost
column
and set the running total to 0.

P3 . IF the goal is to iterate through the columns of an additional
. .problem :
and a column has Just been processed
and another column is to the left of this column
THEN the subgoal is to 1teratc through the row of this column to
the left.
and set the runnmg total to the carry.

P4 IF thc goal is to iterate through the columns of an problem
" and the nghtmost column has not been processzd
and there is a carry
THEN write out the ¢arry
and POP the goal.

P5 If the goal is to iterate through the columns of an addition
problem
and the last column has been processed
and there is no carry

THEN POP the goal.

P6 IF the goal is to iterate through the rows of a column
and the top row has not been processed
THEN the subgoal is to add the digit of the lower row to the
' running total.

P8 IF the goal is to iterate through the rows of a column
and the last row has been processed
and the running total is a digit
THEN write the digit
and delete the carry
and mark the column as processed
and POP the goal.

P9 IF the goal is to iterate through the rows of a column
and the last row has been processed
and the running total is of the form "string digit"




" “THEN write the digit

K and set carry to the string
"and mark the column as processed
and POP the goal. :

- P10- IF the goal is to add a digit to another digit
' and a sum is the sum of the two digits
THEN the result is the sum :
and mark the digit as processed
and POP the goal.

P11 - IF the goal is to add a digit to a number
- and the number is of the form "string digit"
and a sum is-the sum of the two digits’
and the sum is less than 10 '
THEN the result is "string sum"
and mark the digit as processed
~ .and POP the’ goal
P12 'If the goal \is to add a digit to a number
and the number is of the form "string digit"
- and a sum is the sum of the two digits
and the sum is of the form "1 digit*"
and another number sum* is the sum of 1 plus string
- THEN the result is "sum* digit*"
and mark the digit as processed
and POP the goal.

Of course the terminology and format used above would not be pért of a classroom
instruétional model, yet this example illustrates the specificity inherent is strong
methods. That is, the intent of strong methods is to provide‘a high level of detail
in the facts (declafative information) and processes (procedural information)
necessary to solve different problem types. Ideally a strong algorithm should
provide a student with a solution if the élgorithm is followed precisely. The
strength, then of strong methods is their specificity; their weakness is their lack of
generality. That is, a strong method approach to problem ;solving would require

the identification and teaching of many and varied algorithms for problem solving.

THE STUDY

The intent of the present study was to test the effects of a general problem
solving algorithm on student ability to solvé LOGO problems and to determine if

3
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"-‘programmmg l-anguages such as LOGO have any inherent characteristics which
_'__would make them useful tools for teaching general problem solving strategies. To
"v'do thlsva production theory approach to problem solving was used. Specifically
. Andcrson s (1983) construct of a production was used to develop a general problem

- solvmg algor:thm That general product:on theory problem solving algorithm is

' rcported below.

1. Identify what is misﬁing: Missing data can take the form of:
a) ba ‘mi'ssing antecedent in a specific production
~ b) a missing consequent in a specific production
c) a missing produétion in a production network

. d) a missing network or plan of control within a network

2. Decide Whether: a) the missing information can be inferred or b)
outside information should be obtained. If b, exit the problem
solvingv algorithm and return when information is obtained. If a ask
and answer the question: "In what priof situation have I made a

similar inference?"
3. Test out the inference

4, Determine if the inferred missing data complete the production or
~production network.
The model above was considered "conceptual” in that it was intended to

identify all of the components of a problem from a production theory perspective.




, "Thg'next"step was to translate the conceptual model into a more student friendly

LOGO oricnte_d framewbrk. That framework is reported below:

Step_#'l' What does the final product look like?
Step #2. Where are you now?
: S-‘tep _#3 Is there a procedure you have to use?
Step #4 If you don’t know a procedure, where can you find one?
‘Step #5 Try the procedure?
- Stérp #6 Where are yovu now?

'Stéi) #7 If you are not finished go back to Step #3

Thbis‘algor‘ithm was tested in a quasi-experimental fashion by presenting it
to Sfudéqt'é and then determining the extent to. which it increased their ability to
' sblvg LOGO problcmﬁ. For subjects were used for the study --one I‘rom each of the
h following graide le\;els 4, 5, 6 and 8. These students were first presented with
standard LOGO proBlems. iAll. students had réceived at least four hours of
instruction using LOGO commands. Students were then rated using a Likert scale

(H - M - L) on the following characteristics:
- ability to describe the problem
- ability to identify the procedures necessary to solve the problem

- abil_ity to solve the problem successfully

. The results of the Likert ratings for the four students are reported below:




' L M H

"~
i

| y | !

- Ability to 4th, 8th :  5th, 6th i §

: ' ]

describe problem ' !

; |

(Ability to . 4th, 6th 5th ; 5

identify © 8th : 2

. . {

_Dbrocedures - :
Ability to 8th " 4th 5th, 6th

successfully
» solve problem : J

" In addition to the ratings the four students were characterized on the

following way, relative to their problem solving behaviors:

4th grader: jumps into problems, tries solution without much

forethought, does not check the accuracy of his steps.

5th grader: is persistent when working through a problem, takes
time when approaching a problem, can describe why she is

- performing certain steps.

6th grader: thoughtful approach to problems, can describe why he

performs certain steps, is persistent, checks results.




8th grader: lack of persistence, tries solutions without much

forethought, becomes discouraged easily.

- Students wcré presc.nted with the algorithm and the process was modeled for
"theni. _St'udcnts. Vthen‘ p;acticed using the algorithm on a few structured examples.
) »Stud'c(nts were then" asked to use the algorithm when solving a set of LOGO
‘ ,_proBlemélwhich vthey.w'orked on independently. After the students had solved the
kassign'ecvl ;set,'vt_hcir LbGO problem solving ability was again assessed. The post-

treatment rankings are reported below.

: L M H
Ability to | 4th, 8th |  5th, 6th
describe problem
 Ability to . 4th, 6th, | 5th

identify | ~ 8th ;;
procedures ; '

Ability to ; 8th, 4th | 5th, 6th
successfully E % l

solve problems | | 8th.4th | _ 5th, 6th

There results indicate that there was a slight increase in students’ ability to
" frame the problems and a slight increase in their ability to correctly solve
. problems. However there was no apparent change in their ability to identify the
'procedures as processes necessary to solve the probleﬁs. These findings were
coﬁsistcnt with the feported changes in problem solving characteristics. That is,

use. of the algorithm seemed to increase such general factors as students persistence




','_'a’ndy attention to detail but not their ability to identify specific procedures to be

used in solving LOGO problems.

These;findi'ngs support the importance of domain specific information in
| so.lv'ih.g 'prbblems. Domain specific knowledge "consists ;)f a well-formed semantic
nethfk of valid information as .well as strategies for using this information"
(Doyle 1983,.p. 168). In other words, to successfully solve LOGO problems,
‘students must knov& well the specific procedures and commands within the LOGO
language. This assertion is quite consistent with the research of Heller and Reif
. (1984) --namely that without the factual knowledge relative to a content area, ‘
students have little success in acquiriné more complex procedures for the content

area.

Given the importance of domain specific knowledge and the apparent lack
of effect of a generél algorithm on problem solving ability, it would appear that
inore "strong" algorithms sl{ould be developed for teaching problem solving. This
woulci mean that more algorithms would have to be developed for different
problem types. That is, an algorithm or algorithms should be developed specific to
problem solving in LOGO, in BASIC and other languages along with algorithm;s for

specific t.ypes of ma‘thematics problems and algorithms for specific types of science
- problems. Although different algorithms have been developed (e.g. Wickelgren in
math énd Gowin in science) they do not appear to be specific enough to enhance

problem solving ability.

The results of this study also suggest ways that LOGO problem solving
techniques might generalize to thesc more specific algorithms. By its nature LOGO

is highiy visual, highly recursive and providcs immediate feedback. That is, the
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manipulation of the TURTLE on the screen provides students with a visual analog
. of their thinking. In a sense the movement of the TURTLE can provide a visual
history of the students plans. This is generally lacking in any other type of

problem solving situation.

As reported by fapcrt (1980), the individual most commonly associates with
~ the development’ of LOGO, one of the most powerful aspects of the language is its
fecursivi; nature --the ability to use a set of commands over and over again simply
by ma’king the set of commands a procedure which calls itself. This allows

~ students to see the long term effects of using a set of commands. This would be
an‘alogou‘s to any problem solving situation in which an individaal viewed the
problem as a series of small steps organizéd into a set which was used repeatedly.
For 'exax.nple,’ factoring an equation wouid have recursive components as would
st.udying'ther incremental effects of adding one chemical solution to another. The
recursive nature of LOGO then would seem to foster an awareness of the possible

utility of breaking a problem into small steps which can be reiterated.

Finally, LOGO would appear to of fer immediate feedback as to the
correctness of a students hypotheses about the effects of various procedures.
Again, this is not thvc case in most problem solving situations. Quite the contrary,
in_most‘ situations a student must apply procedures in a linear fashion with no
feedback as to the effect of the procedures until the problem is finished. Many
_ times this general feedback (the problem is solved --not solved) offers no

- information as to which procedure in a sequence was incorrect.
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. SUMMARY

Th‘e.result‘s of this study indicated that a general problem solving algorithm
-jdvo‘es not ‘significan.tly change the problem sblving ability of students as it relates to
LQGO problems. This impiies, that a weak method approaches to instruction in
problem sqiving has less utility that a strong method approach. However, where
therc_‘might not be a truly robust general problem solving algorithm, there might be
comboncnts of problem solving that are aspects of most st'rong methods. These
aépecgs, might include attention to recursive components aﬁd immediate feedback
as to the results of hypothesized procedures. For the reinforcement of these

© aspects LOGO appears to be a highly useful teaching tool.
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